Background: Current estimates of blood group frequencies in Germany were often derived from studies involving less than 12,000 individuals. The frequency of the D category VI was unknown.
Introduction
Current estimates of blood group frequencies in Germany were derived from samples of several hundred to 73,548 individuals (review in [1] , additional studies reported in [2] ). The maximal sample sizes for Rhesus D, Rhesus CDE and Kell antigens are 25,063, 10,000, and 10,156, respectively [1] . Previous estimates had limitations, which we could overcome in the present study: (i) The sample sizes were insufficient for frequency estimates of very rare blood group phenotypes (e.g. Oh, p). According to the Poisson distribution, a blood group phenotype not observed within 10,000 individuals may still occur with a frequency of up to 0.03%. (ii) In the complex antigen system of Rhesus CDE, frequency estimates for some haplotypes (e.g. cdE/cdE) could only be inferred by the observation of heterozygotes. 
Methods

Blood Group Determination
Blood groups were determined by Olympus PK7100 autoanalyzers with at least two sets of commercial antisera. All donors were screened for antierythrocyte antibodies. A, B, D, Kell, and the presence of isoagglutinins were tested. Samples negative for Rh D were tested for the presence of C, D, and E in antiglobulin technique ( 
Donor Data Base
Since 1985, the German Red Cross Blood Service in Baden-Württemberg (South-West Germany) has been maintaining a central electronic database for the blood group information of all donors. Blood group frequencies were derived from all donors including patients with autologous blood deposition who still comprise a minor fraction (less than 0.5%). Individuals who had immigrated into Baden-Württemberg were not excluded from the database. The derived frequencies are representative for the population currently living in Baden-Württemberg. Rhesus C, c, E, e, and D category VI frequencies were derived from informative subsamples. Every donor detected with a rare phenotype (e.g. Oh, p, Rh null ) was asked whether she/he had known of the rare phenotype. The frequencies were calculated by counting only those rare phenotypes which we found by chance. However, for the minimal estimates, all known individuals in Baden-Württem-berg were counted.
Statistical Evaluation
We calculated allele frequencies under the standard assumption of a Hardy-Weinberg equilibrium using the counting method of Ceppellini et al. [8] . This iterative method yielded maximum-likelihood estimates [8] . In an alternative approach, we minimized chi-square. The resulting allele and haplotype frequencies differed by less than 0.0001 from the maximumlikelihood estimates shown in the tables. In February 1994 the population in Baden-Württemberg was 10,234,252 (Statistisches Landesamt Baden-Württemberg, Stuttgart). Because of birth, death, and migration, this is a minimal estimate of the effective population tested. Our sample may still represent more than 5% of the population. Therefore, we calculated confidence limits by using the hypergeometric distribution with the minimal population size of 10,200,000 and by using the Poisson distribution that assumes an unlimited population size; the more conservative limit was given. Hence, the confidence limits cannot be too small for any effective population size of more than 10,200,000. If the sample size was less than 5% of the total population (< 200,000), calculations were performed using the Poisson distribution only. We analyzed contingency tables using standard methods [9] : 2 × 2 contingency tables by two-sided chi-square test, a 3 × 2 contingency 
Results
ABO and Kell
The frequency of the ABO and Kell phenotypes was determined, and the allele frequencies were derived by the maximum-likelihood method (table 1) . Phenotype estimates derived from the calculated allele frequencies deviated from the observed frequencies by less than 0.3% (data not shown). It was assumed that there was no relevant number of K null donors. All Kell-negative donors were considered cellano positive (kk).
Rhesus CDE Phenotype and Haplotype Frequencies
Our study comprised blood donors like almost all other studies with large sample sizes [1] and may have an excess of ccddee donors because of a strong encouragement of Rhesus-negative donations. Thus, the observed Rhesus phenotype frequencies deviated up to 1.6% from the predicted frequencies of a preliminary maximum-likelihood calculation. For this reason, we calculated the maximum-likelihood estimates allowing for an excess of the ccddee phenotype. These corrected phenotype frequencies deviated from the observed frequencies by less than 0.1%. The Rh D phenotype and allele frequencies free of a bias incurred from the ccddee excess are shown in table 1. Rhesus phenotype frequencies were determined in informative subsamples ( (see table 6 ): Oh (n = 3) and Rh null (n =1). The occurrence of K null was not tested. 2 Allele frequencies were derived by the maximum-likelihood method. 3 The frequencies of Rhesus phenotypes shown are estimates for the population and corrected for an excess of ccddee donors in our sample as described in the results. Observed frequencies among the donors were: D positive 80.01%, D negative 19.99%, ccddee 18.70%, dd with C and/or E 1.29%, weak D 0.42%. For further Rhesus phenotype and the haplotype frequencies see tables 2 and 3. 1 and Results). 4 The observed frequencies of Rh-D-negative phenotypes with C and/or E in 624,163 donors were: Ccddee 0.83% (n = 5,156); ccddEe 0.43% (2,693); CcddEe 0.014% (88); CCddee 0.012% (75); ccddEE 0.0021% (13); CCddEe 0.00016% (1); CcddEE 0.00016% (1); CCddEE was not observed (0). [11, 12] .
Frequencies of Very Rare Blood Group Constellations
We expected to identify several very rare blood group phenotypes by our antibody screen, because Oh and p individuals generally possess strong natural antibodies [anti-H and antiTj(a) = anti-P, P1, P k ] [3] . Rh null and D-deletion (e.g. D--, D.., DC-, Dc-, DC W -) donors lack several Rhesus antigens, causing discrepancies in the testing of the C/c and E/e antigens. We calculated the frequencies of rare phenotypes and the CIs (table 6) after excluding donors who knew of their rare blood group phenotype prior to donation. Oh, p, and D deletion may be detected only in homozygotes. The predicted allele frequencies were H: 0.9982 and h: 0.0018 (1: 559; 95% CI: 1: 297-1:1,326) assuming that the allele frequencies may be directly derived from the frequency of homozygotes. We obtained upper limits of the 95% CI for the p allele: < 0.0022 (< 1: 456) and for D deletions: < 0.0023 (<1: 429).
Discussion
We presented estimates for blood group frequencies in SouthWestern Germany (Baden-Württemberg). ABO, Rhesus D and Kell phenotype frequencies were comparable to previous results. The minor differencies may be explained by the known regional variation within the German population. The large sample size of this study allowed improved estimates for the Rhesus phenotype and haplotype frequencies: More than 10 donors of either phenotypes ccddEE and CCddee were ob- 1 Sample sizes were n = 624,142 for Oh and p; and n =552,261 for the rare Rhesus phenotypes. 2 Calculated by the Poisson distribution, the hypergeometric distribution or the total number of known individuals (see Methods). 3 Detected by systematic screening; in addition, one individual of Oh phenotype and 2 of p phenotype were known in Baden-Württemberg. 4 Hypergeometric distribution. 5 Poisson distribution. 6 Derived from the total number of known individuals. 7 289 served and the phenotype frequencies could be calculated directly. CCD.EE and CCddEe phenotypes were extremely rare in Germany despite their high prevalence (up to 10% CCD.EE) in some native American populations [1] . We proved the presence of the CdE allele in a German population. We excluded extremely rare blood group phenotypes such as p and D deletion with statistical significance (upper limit of 95% CI) to a frequency of less than one in 180,000 individuals. The study of such rare phenotypes may reveal important information about rates and selective consequences of mutations, an issue of immediate interest in the field of population biology [13] . The frequency of D category VI in Germany was about 0.02%. The frequency observed in England (0.04%) [14] is within our confidence limites and hence not significantly different. In contrast, D VI is about three times more frequent in the Dutch compared to the German population (p < 0.02, two-sided chisquare test) [11, 15] . This significant variation of D VI phenotype frequencies underscores the notion that frequency data and the transfusion policies based thereon may not be substituted uncritically between different populations [16] . 3 Anti-D #2: Second IgM monoclonal antibody (see Discussion for possible reagents). 4 Derived from tables 1 and 4. Table 7 . Diagnostic procedure for Rhesus D typing in transfusion recipients and recommendation for transfusion policy D categories. Recent experience in the Netherlands showed that transfusion with weak-D-positive blood caused at least secondary immunizations in Rhesus-negative individuals [22] . The threshold of Rh D antigen density required for immunization is not known, and we think the transfusion of erythrocytes with a very low D antigen density should be restricted to Rh-D-positive individuals until further evidence for lack of immunogenicity will be established.
